Abstract
Introduction
The number of patients under Home Mechanical Ventilation (HMV) is growing worldwide 1, 2 and organization is crucial. Organization varies widely in Europe; for example in Denmark, where patients were referred to only two Respiratory Care units (RCU), or in Sweden where there were a wide number of outpatient clinics caring for the patients and reporting them to a national HMV register, owned by the Swedish Society of Chest Medicine and financially supported by another health institution. 3 The creation of national registries and databases on COPD, respiratory failure or Home Mechanical Ventilation (HMV), along with specific surveys, clarifies the practices and leads to improvement in patient management. 4 ---6 It is essential to know more about the current situation in Portugal to plan for the ideal resources. In 1996, in Portugal, there was a prevalence of 2.7 patients under HMV per 100.000 inhabitants. 7 In 2001, data from the Eurovent survey 8 confirmed the existence of 801 patients in Portugal with an estimated prevalence of 9.3 patients under HMV per 100.000 inhabitants. Out of 34 prescribing centers identified, 20 centers participated in the survey, with a mean number of 21 patients per center.
With the objective of characterizing Home Mechanical Ventilation (HMV) Centers in Portugal, a specific questionnaire was prepared and sent to all Heads of Department of Pulmonology Units in public Hospitals. It was based on the Spanish Society of Pulmonology (SEPAR) criteria.
9,10

Material and methods
The Home Mechanical Ventilation Team Group of the Portuguese Pulmonology Society conducted an observational study in public hospitals in Portugal in the last trimester of 2018.
The questionnaire covered several areas, asking about the practice of noninvasive ventilation (NIV) in both acute and chronic setting. These areas included assistance activities, technical and human resources, accredited training in ventilation, teaching activity, research activity and representative activities.
Analysis of the answers produced a provisional classification of the Units, of increasing complexity. At each level there was a definition of essential or required criteria, and recommended criteria (these for a later definition of excellence, which was not an objective of the present study). At the highest level most of the criteria were obligatory. The classification was as follows: -Basic unit: number of new patients per year >10 or total number of patients treated >40; availability of pulse oximetry and spirometer. -Specialized unit: number of new patients per year >20 or total number of patients treated >100 and, beyond the criteria defined above: possibility of urgent ambulatory care (in less than 15 days); specific consultation on NIV or chronic respiratory failure; pulse oximetry and patient monitoring available, plus evaluation of cough strength. Patient monitoring under NIV included heart rate, Coordinated activity with the services of Neurology/Neurophysiology, Cardiology, Endocrinology/Dietitian, Otolaryngology, Gastro and Palliative Care is mandatory at this level. The same applies to the existence of a specific resident program on NIV, and the presence of PhD holders on the staff.
As for research activities (clinical trials, etc.), investigation and liaison to a Faculty, they remained as recommended criteria at this level too (Tables 1 and 2) .
Once all the surveys were collected, and, whenever there was doubt in the classification to be assigned (given the heterogeneity of existing resources), casuistic data and technical differentiation were favored.
Results
Thirty centers were surveyed, from North to South of the country, through direct contact to the Service Directors, of which 60% (18) sent the answers to the questionnaire (Table 3) .
Only one center from the results obtained was considered to be a basic unit and that was due to the scarcity of technical resources. However, it should be noted that the number of new patients per year was >30, and total number of patients was >200.
Most centers (14/18) were considered specialized units. Of these, the majority (8/14) reported new patients >30/year and total >200/year. Moreover, 8/14 centers reported having their own beds for ventilatory support, which were also criteria for a more differentiated unit.
In some units not all the essential criteria were met: one center did not have urgent ambulatory care, another one had no written protocols and another center lacked appropriate monitoring during NIV (heart rate, blood pressure, or SaO 2 ). Only 5/14 centers reported that they had published, as required and in the previous year, original articles related to ventilation in journals with an impact factor. 4/14 centers reported not having any kind of full-time staff dedicated to NIV (though it was not an essential criterion for this unit level). However, the other 10/14 centers had mainly 1 (in 6 centers) dedicated pulmonologist on the staff, 1 ---4 nurses or technicians. One center reported 9 technicians. Only 5/14 centers had 1 ---2 physiotherapists (Table 4) .
All the centers reported regular accredited training but only 3/14 reported having one PhD holder on the staff.
Interestingly, only one center reported that initialization and NIV titration in chronic patients was usually done under polysomnography, and during daytime.
Out of all centers, 3/18 were classified as highly complex multidisciplinary units. In general, all the technical resources were present. But only 1/3 centers had a specific home care program in addition to what is regularly provided by home-based care companies. The two other centers stated that a similar program was in construction or awaiting approval. Regarding human resources, 2/3 had a full-time pulmonologist (more than 80% time dedicated to ventilation therapies). There were 3 nurses and 8 technicians in one center; one nurse in another; and 6 nurses in partial time in the last one. None of the centers had a full-time physiotherapist. Thus, strictly speaking, none of the centers fulfilled the rigorous essential criteria for human resources.
Teaching activities were regularly provided in all centers, as required.
In all 3 centers there was one PhD member that also belongs to a Faculty.
Concerning research activities only one center had a clinical trial as well as several investigation projects going on.
For the 12 centers that did not answered to the questionnaire, one refused to do it; another center did not respond due to logistical reasons. As for the remaining 10 centers, it was assumed that they essentially corresponded to basic units or centers where ventilation in respiratory failure is Full/partial-time physiotherapist 8 5 performed by specialists in other fields, as the medical staff was known to be reduced (one or two permanent pneumologists). Finally, about technical resources among the total number of centers, it is worth noting that 11/18 mentioned the possibility of performing transcutaneous capnography, and 16/18 reported full polysomnography ability under ventilation.
Discussion
Considering the casuistic SEPAR criteria (number of new patients per year and total number of patients per year), from the Eurovent Survey in 2001: only one (with 217 patients) met a high-complexity HMV center classification, and another one (with 100 patients) met specialized HMV center criteria; considering only the first criteria (number of new patients per year) there were 3 classified as high-complexity HMV centers (with at least 30 new patients treated the last year); and 8 classified as Basic HMV units (with less than 20 patients but at least 10).
The analysis of the results highlights the high number of patients treated with HMV in Portugal and compared with 2001 there is an increase in the expertise of the centers surveyed.
We found that most of the centers (11/18) reported having dedicated NIV rooms, meaning that awareness of NIV limitations and risks is present. This is important as NIV should not be delivered in general wards, which cannot provide proper monitoring.
However, in a worldwide web-based survey focused on NIV use in general wards, it was found that the percentage of hospitals using NIV in wards is increasing and reached 66% of the centers studied. 11 Monitored beds are often unavailable, forcing physicians to manage acute respiratory failure in suboptimal settings.
In our study, the scarcity of staff specialized in NIV administration ---including doctors, nursing and other technicians ---was evident. The physiotherapist usually covers several departments in the hospital, daily. Also, nurses can specialize in pulmonary rehabilitation.
Considering technical resources, we found that equipment like capnography and polysomnography are widely used but organized units of respiratory care are missing.
Another point refers to home care programs. They are provided, up to a certain point, by the companies, along with NIV equipment distribution. Real home care hospital based programs are lacking.
Also, most centers (16/18) had written protocols on NIV. This is impressive because other authors found that only 50% of the respiratory medicine departments had written protocols. 12 Protocols may help to optimize health care procedures. Published articles, investigation and research network with universities are growing but varies greatly between institutions.
Our evaluation of the HMV laboratories has limitations, such as the absence of questions to evaluate the number of patients treated according the specific pathology (COPD, restrictive, neuromuscular, etc.). The different practices were not discriminated, such as the ventilator type or how to titrate ventilation. The questionnaire was primarily intended to assess patients with respiratory insufficiency, but the number of patients referred may, in some cases, include pure obstructive sleep apnea.
Conclusion
It is possible to say that, in Portugal, HMV encompasses a relevant number of patients treated per year. The heterogeneity of the resources, both technical and human, is very marked. Finally, the need to standardize HMV practices and audit its practice through the creation of a national register is clearly required.
